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I • lllTRODUCTION 
The designing and building of adequate radiation shielding is one of 
the major problems that faces the nuclea1.' industcy today, 'l'he complete in-
ability of t he human body to sense a radiation ba~ard and the lack of 
sufficient information to detetmine a precise safe allowable dose rate• 
have made many of our shield designs extremely conservative. This has re-
sulted in massive radiation shields for most reactors. Portable land units 
for isolated areas. surface an.d subsurface ship propulsion units. and the 
applications of nuclear power in space have pointed out the necessity for 
the development of less massive shielding. 
Much of the shielding research of the past has been accompli shed with 
collimated• monoenergetic radiation sources. This type of study certainly 
is important in the development of theories and in the study of the energy 
dependence of shielding effectiveness. However, when one examines the 
extremely complex radiation spectrum that i s emitted by a nuclear reactor, 
it ts not difficult to realize the over- simplification of such studies in 
shi elding design work. 
Iowa State University ' s UTR.- 10 reactor is equipped with a shi eld tank 
facility. This facility provides a strong source of gemmas and themal 
neutrons that are representative of radio.ti.on from a thermal reactor. I ts 
instrumentation includes detectors to measure ga.,mna and neutron radiation. 
T11e purpose of this investigation was to e'8allline the shield tank facil .. 
ity and to determi ne its effectiveness as a gamma t~sting installation. 
Specifically, it was desired to determine the gamma -radia t:ton level as a 
function of positien in the tank and reactor power. In addition it was 
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desired tp examine the gamma $peetnu:n £or va.r:tat:i.on with position and re-
actor power4 
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II • LITERATURE REVIEW 
A search of the literature revealed there are three major shield tank 
facilities currently in operation, namel y t he Lid Tank Shielding Facility, 
the Bulk Shielding Reactor, and the shieldi ng a:rea at the Bat tel le Research 
Reactor. Tl1e first two facilities are located at Oak Ridge National Lab• 
orato~y and the t hird installation i s at the Battelle Memorial Institute. 
Of these three installations, only the Lid Facility uses a s cintillation 
detector for gamma radiation measurements. 
Cady (l) describes the Lid Ta.nk Facility and its instrumentation. An 
anthracene crystal ~as used with a scintillation detector to measure the 
gamma. level in the tank. The cu;rent from the photocathode.was measured 
with a semiautomatic eleetrometer> calibrated to read the dose rate direct-
ly in mr/ hr. A standardized radi um source was used for t his calibration. 
Price (6) discusses dosimetry applications of scintillation detectors. 
Morgan (5) gi ves a detailed description of t he Battelle shielding area. 
In bis ~eport, all of the instrumentation is described~ including the 
f issi on chamber used for ga.mma dosimetry. 
Casper (2) compares centerline gamma and neutron flux measurements in 
the Bulk Shielding Reactor with those predicted by t hree available computer 
programs. Plot s of the results and details of the programs are given in 
his report. 
The three in@ta.lla.tions described in the liter-ature vary markedly from 
the UTR- 10 facility i n size, geQmetry, existence of f issi on plates. and the 
distance from t he source. On this basis, it was not expected that dose 
rates or gamma spectra. should cori·espond to those considered in this in-
vestigation. 
Raffety (7) is the oniy ptevious investigator to do experimental work 
in the Iowa State University shield tank facility. His work was liw-tted 
to thermai neutrons; and did not consider the effects of gamr.na radiation. 
Data are available in the literature for the gamma spectnun f r om 
therma.1 fission of u235• Maienschein (4) gives a good coverage of such 
spectral measurements. However; these data are not beneficial f~r direct 
eomp~tison with the gamma spectrum in the shield tank, since it f irst must 
pass through 3\ ft of graphite before reaching the tank. 
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llI, DISCUSSION OF THE PROBLEM 
It would be highly desirable to give the gamma radiation levels diT"E!Ct• 
ly in units of mr/hr. This could be accomplished by measuring the current 
from a scintillation dete·ctor or at1 ionization chamber. At this timei such 
instrumentati<im does not exist at this facility. As an alternative approach, 
it was thought that perhaps the scintillation detecto~•scaler combination 
could be calibrated against a standa~d co60 source to scale cpm to mr/hr for 
t he gammas existing in the tank. To make such an approximation9 it is 
neeessaey to determine a representative ene~gy value fo~ the gammas in the 
tank. As mentioned previously., the literature gives data for the energy of 
gammas from thermal fission of u235. Unfortunately. the gammas in the tank 
have passed through the core tank, the graphite thermal duct, and the alum-
inum-plate window before reaching this facility, making the values in the 
literature inapplicable to this problem. Because of the energy dependence 
of the mass absorpt ion coefficient, it was hoped that the values of. this co-
efficient might indicat~ a representative value for the gamma energy. Ex-
perii:aenta.lly determined mass absorption coeffi cients measured in this inves-
tigation indicates gamma energies that range from 2~ to 3 Mev. Using the 
s tandardized Co60 source submerged in the tank, a mass abso1.-ption coeff i-cient 
of o. 0828 cm2/gr was obtained. From the data listed in Grodstein (3) 1 this 
~ould correspond, to a mass absorption coefficient of a collimated 0 . 70 Mev 
monoenergetic X•ray. Failure of this energy value to approach the l:nown 
gamma energies for co60; made any calibration based on the previous assump-
tions highly questionable. In addition> it would hove to be assumed that the 
scint:Ula.tion detector had the sa.r.ie counting efficiency for the gammas i n 
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the. tank as for the co60 source. On this basis, it was deeided to give al.1 
gamma intensities in tenns 0£ cp~ or its normalized counterpart. 
Background counts were made for each of the 35 predesignated positions 
in the tank, prior to ea.ch rutt., A background spectrum was recorded prior 
to each tun in which spectral data were to be collected. Over the two 
months during which the e1tperimenta.l data. were being collect~d, the back• 
ground was found to be constant, pl·oviding the reacto,: power was maintained 
at or below 10 watts a11d the reactor core was permitted to cool a. minimum 
of 12 hours between runs. Du-ring the period of this investigation one 10-KW 
nm was made. Approximately two weeks were i·equired t:o allow the backgt>ou11d 
to approach its initial value. Since the purpose of this investigation ~,as 
to examine the experimental facility, the background values were not sub• 
tracted from the measured counting rates. Certainly the background, gamiJlas 
from the tong-lived fission fragments will be present in all experimental 
work, and therefo1--e must be considei·ed. At power levels of 1. 0 watts and 
higher, these background values became insignificant, even if considered. 
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IV• EQUIPMENT AND PROCEDURE 
The UTR- 10 reactor at lc;rwa State. U11iversity has a. 5 ft by 6 ft by lil.f 
ft high shield tank facility located on the north end of the reactor. The 
radia tion passes from the reactor core t o the ta.nk via the 2% ft by 2\ ft 
by 3% ft long shield tank duct. 1'he duet is composed of 4-in. square 
blocks of graphite, which are protected from the water by an aluminum-plate 
window a.t the water-duct interface. The base of the window is 9•in. above 
the bottom of. the tank. An instrument bridge spans the top of tbe tank 
and holds the dt'ive mechanism for a 4- in. diameter aluminum probe. The 
bracket on the bottom of the probe provides for attachement of radiation 
detectors. This arrangernent provides for movement i n all three directions• 
although no provisions a re made for rotation of the probe. Stee l tapes at• 
tached to the tracks of the bridge and on the probe provide a coordinate 
system for i dentification of positions in the tank. The top of the tank and 
the instrument bridge are sho~m in Fi gure 1. A cross sectidn of the tank 
and reactor core are shown in Figure 2. from which the relative position of 
t he tank and the reactor core may be seen. 
Thallium ~ctivated sodium iodide crystal$ were used with scintiUa.tion 
detectors to measure the gamma radiation in the tank. A Radiation Counter 
Laboratories scintillation detector, model 110081 was used to measure the 
gammas at the predesignated positions in the tank. The detector was con• 
tained in plexiglass incasement, which can be seen in Fi gure 3. The elec-
trical connections to t be detector were ma.de t h't'ough a 15 ft flexible tube, 
Since the 11008 detector can not be used with a radiation analyzer, all 
spectral data were collected ~ith a Nuclear Chicago scintillation detector, 
Fi gu1;e 1. tr.m- 10 sble.ld tank fac:t.11.ty with tnstnune.nt b'l'idge 
.. , 
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Figure 2. Cross section of t1l"lt• l0- reac to~ and Shiel(\ tan;k facility 
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Figure 3 . Scint:Ulatien detector attached to the instrument bridge 
,, 
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model DSS. 
An alumi num rod and base device was used to hold a standardized Co60 
source 40 cm 6 :om the detector. This arrangement was used to check the re• 
producibil:i.ty in the electronic counting c i r cuit. The sta..ttdard run was 
made at a submerged depth of 100 cm to assur e a low background. 
The pulses from the scinti llation det ectors were registered on a 
Nuclear Chicago ul trascaler, model 192A- P, The resolution time for this 
scal er is one mi crosecond. The maximum counting rate is 1. 7 lt 105 cps• 
The Nuclear Chicago radiation analyzer~ model 1810, was used to inves-
tigate the gamma. spectra.. Tbis i nstrument is only compati ble with the ISS 
scintillation detector. 
Tbe sealer and the detector were pei-mitted t o warm up for at least one 
hour prior to each run. Before the counts for the inves t i gation were begun, 
a standard count was made. The background was counted at each of the 35 pr e .. 
designated locations around the tank. The reactor was brought to the desig• 
nated power~ and the counts were not recor ded unti l three consecutive counts 
at the first position showed no increase in the counting rate. Thi s pre• 
caution was taken to assure that the reactor bed reached steady ~tate cort• 
diti.ons prior to starting the counts. All counts col:'responding to one pot-1er 
setting we~e made during the same run to e l iminate inconsistences in match-
ing r eactor power with pretti ous values . Complete runs were made e.t o. l, 
1.0, and 10 watts . Modifi ed runs were made at o.os and 5. 0 watts to verify 
some of the results obtained from the :eomplete runs. During the modified 
tuns , only a few positi ons in the tank wer e surveyed. 
The radiation analyzer was pennitted to warm up for a mini mum of 15 
hours prior to each run. Background was checked prior to each run and a-
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standard run was me.de to check reproducibility of the counting circuit . 
All readings corresponding to one power level were iruade du~ing the same 
run. '!'he -re.dtation. analyzer was standardized against a C:s137 $ource. 
The base l evel scale corresponded to energies from Oto 2 Mev wi th a 
window width o.f 100 kev • All counts we1:e me.de for l min. 
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V. RESULTS AND DISCUSSION 
A. Centerline Ga'lll'lla Measurements 
One minute counts wei-e made at 15 cm increments along the geometric 
centerline of the thermal duct window. These data are tabulated in Table 
1 and plotted i n F:i.gttres 4 and s. 
Figure 4 indicates the radiation level diminishes 02:ponentially as 
the distance is increased between the window surface and the detector. 
This is in agreement with existing theories. The l ines drawn in Figui-e 4 
were fitted to the data points with a least squares fit . The mass absorp-
tion coef:l:icients were determined to be 0. 0444, 0. 0444, O. OL}23• o. 0403, and 
0. 0384 cm2/ gm for reactor powet' levels of o.os, O. l, l . O, 5. 0, and 10 watts , 
respectively. Grodstein (3) l ists 0. 0493 and 0. 0396 cn.2/gm as the mass ab• 
sorption coefficients for a collimated beam of monoenergetic x-rays with 
ener gies of 2 and 3 Mev, respectively. 
From Fi gure 4, t he linear approximat i on on the semi•log p lot seems to 
be more satisfactory at the higher power levels . lt is suggested that t his 
is due to lessened effect of background and the better counting statistics 
at the hi gher counting rates. The ba~kground count may exp1sin the higher 
readings at the 5 cm position on the o.os and 0 . 1 watt runs . Iratrapo lated 
values taken from Fi gure 4 indicate the counting i·ates at the window sur .. 
face a.re 1.36 x 106, 5. 30 x 106. e,nd 9. 30 x 106 cpm for power level s of 1.0, 
5. 0, and 10 watts , respectively. 
Figm~e 5 is a log plot 0£ the variation in count rate with reactor 
power for centerline positions 65, 80, 95, and 110 cm from the window. The 
general equation fot' the lines i n this p lot is 
count rate= K (reactor power)n. (1) 
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Table l . Experimental data for centerline intensities 
Reactor 
Power 
(watts) 
o.os 
o.os 
o.os 
o.os 
o.os 
o.os 
o.o.s 
o.os 
0. 1 
0 . 1 
0. 1 
0 . 1 
0.1 
0. 1 
0 . 1 
0. 1 
1. 0 
1.,0 
1.0 
1.0 
1.0 
1 . 0 
.s.o 
s.o 
s.o 
s.o 
s.o 
10 
10 
10 
10 
Distance ft'etli 
thet:mai duct 
window (cm) 
5 
20 
35 
.50 
65 
80 
95 
110 
5 
20 
35 
50 
65 
80 
95 
110 
35 
50 
65 
80 
95 
110 
50 
65 
80 
95 
110 
65 
80 
95 
no 
Corrected 
count rate 
(cpm) 
77, 829 
34.180 
16,812 
s.s40 
4.;345 
2,242 
1. 240 
728 
153.831 
71,020 
34. 418 
11,sia 
8, 862 
4, 688 
2,646 
1, 416 
342,.041 
1'75, 276 
92, 182 
47,684 
26, 321 
15,035 
716, 007 
387, 695 
204,.976 
115;000 
64, 001 
775, 136 
425, 722 
239,048 
137;708 
Standard 
Deviation 
(cpm)· 
279 
151 
130 
91 
66 
49 
35 
21 
392 
266, 
185 
13i 
94 
68 
si 
38 
. 585 
418 
306 
2i8 
162 
123 
846 
623 
45Z 
33.9 
253 
881 
653 
489 
371 
' ·· •• t 
Figure 4~ GMUlia iflterisity ~s a fnnctiQn of centerline displacement 
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The values of n t·1e<re det:enuined by a lea.st squares fit t o be 0 . 972, 0 . 979• 
o . 978• and 0,989 f or the 65, 80, 95, and 110 cm positions, respecti"Vely. 
Since the values of n a re nea rly equa l to one; the centerline counting 
rate is approximately a linear function of reactor power. The va.lue of 
K is a function of position. 
Only centerline positions having data for all ftve power levels 
t ested were plotted in Fi gure 5 .. The same relationship seems to hold for 
all centerline positions. although only data for four positions are plot• 
ted in this figure. 
The reactor instruments were t he only method used t o determine t11e op• 
erating power level. A check of the repr oducibility of counting r ates at 
the s ~e power level on two different days , resul ted in variations in the 
order of magnitude of the s tandard deviation of the count rate. If the run 
designated 1. 0 wa tts was actually ma.de a t 1 . 05 watts . and the 5 watt run at 
4. 8 watts. this would aid in explaini.ng why t he actu.al deviation exceeded 
the standard deviation for the count rate for these bro runs. It is fel t 
t hat such varia tions are pos sible and may be due to $11Sl l deviations from 
linearity of t he reactor instrumeratation. 
B. Lateral and Vertieal Variati on of Gamma Intensity 
ln this portion of t he investigation, it was desired to determine hew 
t he gamma. radiation varied l ate-.rally and vert ically across t he window. I't 
was also desired t o examine the eff ect of reactor power on this di stribution. 
The data collected in t he lateral di rection are tabulated in Table 2 
a r,d p lotted in Figure 6. All data were nonna lized against the centerl ine 
count ra te for ease of plotting. t t should be noted that these data were 
collected at s. 50, and 95 cm from the window for O. l , 1. 0. and 10 watts, 
respectively. Th.is permitted sufficiently high counting rates over the 
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entire lateral distance to provide the desired accuracy. 
E:,amination of the data indicated that they were closely approximated 
by a con:tne curve for the t-test side of the window but not on the east side. 
A study of the reactor construction details revealed that two control rods 
are located between the core and the tank• positioned symmetrically with 
respect to the core centerline. The rod on the west side is the nuntber i 
safety rod, while the shim rod is located on the east side of the center-
line. Du1-i.ng normal operations the safety rod is completely removed fran 
the core, while the shim rod was only disp1aced a small amount. this is 
believed to be the reason for the non- symmetry in these data. This is prob• 
ably due to both the flux depr ession at the shim rod and the physical shield• 
ing effect of the rod itself. The curves dratm in Figure 6 a.re cosine curves 
represented by the general equation 
y = COS 1TX/ 2a. (2) 
The vaiues of a were determined to be 70, 83; and 98 an for 0 . 1, 1.0, and 
10 watts, respectively. These values were determined by a lea.st squares fit 
applied to the data collected to the west of tbe centerline, which-corres-
ponds to the right side of Figure 6. The nomalie~d count rate, correspond• 
ing to 57 Citi: ea.st of the centerline, begins to approach the same cosine dis• 
tribution, since the effects of the shim rod are diminished at this position. 
Even with the small deviation in the synunetry. it is felt that the iat• 
eral distribution of the gamma intensity is closely approximated by a cosine 
curve, It is suggested that this small devi ation due to the shim rod will 
probably be less important than other experimental parameters in any system 
that may be investigated in this facility. 
The data collected in the vertical direction across the face of the 
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Table 2. Expedmental data for lateral i ntensity variation 
Distance west 
of centeriine 
( cm) 
N ol"llla lized 
count rate 
(r0 = ~ count) 
Reactor power: 0 . 1 watts; distanee from window: 
5'7 0. 27921 
40 o. 62348 
20 0 . 91494 
0 1. 00000 
• 20 0. 867l>9 
• 40 o.s41so 
• 57 0. 24166 
R.eaeto-r power: 1.0 watt s; distance from window: 
57 o. 49415 
40 0. 71961 
20 0. 93015 
0 1.,00000 
• 20 0 . 90001 
• 40 o. 66465 
• 57 o. 46086 
Reactor power: 10 watts; distance from window: 
57 o. 61673 
40 o. 79167 
20 0. 95242 
0 1. 00000 
- 20 o.92ass 
,. 40 o. 77392 
• 57 0. 60039 
5 cm; 
50 cm; 
95 cm; 
Standard 
deviation 
and r 0 = 157,765. 
0. 00151 
0. 00253 
0. 00333 
0.00356 
0.00321 
0 , 00230 
0. 00133 
and r0 :;: 173, 064. 
0 . 00207 
o.002ss 
0. 003~2 
0. 00316 
0 . 00314 
0. 00253 
0 . 00197 
and r 0 = 239, 048 • 
0 . 00204 
0 . 00243 
0 . 00279 
0. 00289 
0. 00273 
0. 00239 
0 . 00200 
Fi.gu.-re 6~ Lateral distrtbutfon of gamma inte'flsj.t$:es 
1.0 
0.9 
0.8 
w 
~ 0.7 a: 
.... 
z 
::) 
0 
0 
0 
w 
N 
:J 
<l 
:e 
a: 
0 
z 
REACTOR POWER 
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/l 1.0 WATTS 
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DISTANCE WEST OF WINDOW CENTER LINE (cm) 
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window are tabulated in Table 3 and plotted in Figure 7. Again a.ll data. 
were nonnalized against the centerline count rate. and the distances from 
the window ~ere s. 50, end 95 cm for the three power levels. 
The data points in Figure 7 shffl,, a definite lack of symmetry with 
respect to the centerline of the window; the count rate being markedly re-
duced near the bottom of the tank. The only non- symmett:ical geomett:y in 
the vertical direction apparent from the r eactor construction detai ls is 
t he concrete. tank bottom. The effect of this non•symrnetry was ell:pected to 
incre&se as the distance between the window and the detector was increased. 
The data in Figure 7 indicate the inverse to be tt'ue. The largest deviation 
fi~om symmetry occured in the 0 . 1 watt run, which was measured closest to the 
1vindow. On thi s basis • i t i s suggested that the non• symmetry in the ver • 
tical distributions of the count rate is due to a la~k of symmetry of the 
gamma field with respect to the window centerline. This may be due to eit,her 
a displacement of the fuel assemblies oT a non- symmetrical distxibution of 
fission products in the fue l pl ates. 
The data points above the centerline of the window may be appro:d.ma.ted 
by a cosine curve. The curves in Figure 7 are cosine curves represented by 
the general equation 
y = cos lT :&/ 2b t ( 3 ) 
t,there the values of b were determined by a lea.st squares fit to the data 
points above the centerli ne. On this basis, the values of bare 77t 87t and 
103 for 0. 1, 1. 0, and 10 watts , respectively. 
In future testing in this facilityt a vertical cosine distr ibution of 
gamma intensity across the window would be highly questionable. lf this 
assumpti on is made, it must be remembered that the i ntensities are markedly 
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Table 3.. Experimental data for vertical intensity variation 
Distance above 
-Center line ( cm) 
Rea.ct or p01::1er: 0 . 1 watts; 
41 
20 
0 
• 20 
.. 41 
Rea.etot' power: 1. 0 tia.tts ; 
41 
20 
0 
-
20 
.. 41 
Reactor potier: 10 watts; 
41 
20 
0 
- 20 
.. 41 
Nonnalized 
count rate 
(t·0 = t, count) 
distance from window: 
o. 67614 
0. 91539 
1. 00000 
0. 87313 
o. 51685 
distance from window; 
o. 73980 
o. 94176 
1. 00000 
o.as393 
o. 64090 
distance from windOl-J: 
0. 80671 
o. 95917 
1.00000 
0. 92490 
0. 72961 
S cm; 
50 cm; 
9.5 cm; 
Standard 
deviation 
and r 0 = 157i765. 
0.00258 
0. 00333 
0.,00356 
0 . 00322 
0.00223 
and r 0 = 173;064. 
0 . 00272 
0. 00326 
0. 0034& 
0. 00310 
0. 00247 
at1..d .r 0 = 239, 048. 
0. 00247 
o. 002s1 
0, 00290 
0. 00273 
0 . 00230 
F'igure 7. Vertical d:i,stribution of· gamine. intensities 
w 
~ 
a:: 
1-
2 
:::, 
0 
u 
0 
w 
~ 
..J 
<t 
:I: 
a:: 
0 
2 
0.4 
0.3 
30 
REACTOR POWER 
o 0.1 WATTS 
A 1.0 WATTS 
V 10 WATTS 
0.2.'------'----....__ __ __, ___ ___._ __ _.__ _ __. __ _, 
20 40 60 -40 -20 0 
DISTANCE ABOVE WINDOW CENTER LINE (cm) 
31 
reduced near the bottom of t he t ank. 
c. Gamma Spectral .Anal ysis 
The radiation analyzer was used to determine the· variation in the 
gamma spectrum with reactor power at a centerline positi on 65 cm from the 
thermal duct Window. The spectrum was analyzed between o and 2. 0 Mev with 
a window width 100 kev . The decision to investigate tllis porti on of t he 
spectrum was based on the fact t hat less t han ten per cent of the total 
gammas counted were mor e energetic than 2 Mev • The scale on the analyzer 
was calibrated prior to each run with a esl37 source. I t i s known that the 
error i n spectral energy measurements increases away from the calibration 
point, thus making the absolute values of the energy. scale questionable 
at the end points. 
the date tabulated in Table 4 corresponds to reactor power s of O. l , 
1. 0, and 10 watts. These data were normalized by the counting rate of the 
lowest ener gy interval and p lot ted in Figure 8. This figure indicates close 
agreement for all three power levels. tt i s noted that although the data. 
points for all three power settings .are nearly equal, there i s a tendency 
for tl1e counting r ates corresponding to the higher power levels to be slight• 
ly increased. There is a complete lack of characteristic peaks i n these 
data . 
Spectral data were a l so collected for t wo other positi.ons in the tai.1k; 
on the centerline, 5 an from the window at a power of O. l watts; and 57 cm 
east of the centerline, 65 em f rom the window a t 10 watts . These data are 
gi~en in Table 5 and are plotted in Fi gure 8 . 
The data corresponding t o the S cm-0. l watt run does show variation 
f rom the other spectral data plotted, although t he general s hape of t he 
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Table 4. Experimental spectr4l data for p0'11er variation 
(On cente,:line; distance from the window:· 65 cm) 
Gamma 
Energy 
(Mev) 
Reactor power: 
o.oso 
o. 1so 
0. 250 
o.3so 
0 .,450 
o.sso 
0 .,650 
0 . 750 
o.sso 
0 .,9S0 
1.oso 
1. 150 
1. 2so 
1. 350 
l . l.•50 
1.sso 
1. 650 
1. 750 
1. 850 
1. 950 
2.oso 
Normalized 
count rate 
o. l watts; nonnalizing count rate: 
1. 00000 
o . l~4952 
o.16334 
0. 06940 
o.o4oso 
0. 02738 
0 . 01844 
0 . 01407 
0 . 01122 
0. 00666 
0 . 00875 
o.oos73 
o. 00875 
0 . 00666 
0 . 00551 
0 . 00627 
o.oo4.S6 
0. 00513 
0 . 00361 
0 . 00646 
0 . 00323 
Standard 
deviation 
0. 01970 
0. 01109 
0 . 0060$ 
0. 00393 
0 . 0028~ 
o . 0023~ 
0. 00109 
0 . 00167 
0 . 00146 
0 . 00113 
0. 00130 
0 . 00127 
0 . 00130 
0 . 00113 
0 . 00103 
0 . 00109 
0 . 00093 
0 . 00099 
0 . 00083 
0 . 00111 
0 . 00078 
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Table 4. (continued) 
(On centerline; distance from the ~indow:- 65 cm) 
Gamma. 
Energy 
(Mev) 
Reactor power: 
o.oso 
o.1so 
o. 2so 
0. 350 
o. 450 
0.550 
o.6so 
0.750 
o.sso 
0.-950 
1. 050 
1.-150 
1,250 
1. 350 
1. 450 
1.-550 
1.-650 
1. 750 
1. 850 
1. 950 
2.oso 
Normalized 
count rate 
1. 0 watts; nonnal izing count rate: 
1. 00000 
o. 49240 
0 . 17800 
0,07q,65 
0 . 04-593 
0·. 02977 
0 . 02048 
0 . 0 1610 
0 . 01297 , 
0 . 01081 
0 . 01017 
Ojo00904 
0 . 00826 
0. 00731 
0 . 00603 
0 . 00597 
0 .-00578 
0 . 00618 
0 . 00488 
o.oo4sa 
0 . 00481 
Standard 
deviation 
52, 474 cpm. 
0 . 00617 
0 . 00373 
0 . 00200 
0. 00126 
0 . 00096 
0 . 00076 
0 . 00063 
o.ooos6 
o.oooso 
0 . 00048 
0 . 00044 
0 . 00042 
0, 00040 
0 . 00038 
0. 00034 
0 . 00034 
0 . 00033 
0 . 00035 
0 . 00031 
0.00030 
0 . 00031 
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Table 4. (continued) 
( On centerline; distance from the windom 65 an) 
Gamma 
Energy 
<Mev) 
Reactor poorer: 
o.oso 
o. tso 
o.2so 
o.3so 
0 ~4S0 
o.sso 
o.6so 
o. 750 
o.sso 
0 . 950 
1.oso 
1. 150 
1.2so 
1. 350 
1. 450 
1.sso 
1. 650 
1. 750 1.sso 
1. 950 
2.oso 
bTormali zed 
count rate 
10 watts; normalizing count rate: 
1. 00000 
o . 49"..40 
0 . 18166 
0 . 08285 
0. 04836 
0 . 03053 
0 . 02174 
0 .01764 
0 .01477 
0. 01273 
0 . 01108 
0 . 00992 
0. 00918 
0 . 00802 · 
0.00739 
0.00661 
0 . 00633 
0 . 00562 
0 . 00543 
0. 00491 
0. 00465 
Standard 
deviation 
4641 428 cpm. 
0 . 0020s 
0 . 00137 
0 . 00068 
0 . 00044 
0 ~00033 
0 . 00026 
0 ~00021 
0 ~00020 
0 . 00018 
0 ~00017 
0 ~00016 
0 ~00015 
0 ~00014 
o .·00013 
0 . 00013 
0 . 00012 
0 . 00012 
0. 00011 
0 . 00011 
0 . 00010 
0 . 00010 
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Table 5. Experi mental spectral data for position variation 
(On centerl ine; distance from the windm-1: 5 cm) 
Gamma 
Ener gy 
(Mev) 
Reactor power: 
o.oso 
o. 1so 
0 . 250 
0 . 350 
o.4so 
o.sso 
o.Gso 
o.1so 
o.sso 
o.~so 
1.oso 
1.150 
1. 2s0 
1. 350 
1.450 
l . 550 
1.:650 
1.-750 
1.,850 
1. ,950 
2.oso 
Norma.li~ed 
count rate 
O.l watts; normalizing count rate: 
1. 00000 
0. 61064 
0 . 26304 
o . 11940 
0. 08417 
0 . 06013 
O. 0lt288 
o.03sos 
0 •. 03452 
0 . 03144 
0.02843 
0 . 02968 
0 . 02113 
0 . 02367 
0 . 02240 
0 . 01974 
0 . 01863 
0 . 01887 
0 . 01572 
0 . 01451 
0 . 01125 
Standard 
deviation 
69, 332 cpm., 
0 . 00537 
0 •. 00399 
0 •. 00209 
0 .00133 
0 .,0011S 
0 ,.00096 
o •. oooso 
0 .,00075 
0 •. 00012 
0 .. 00068 
0 .. 00065 
0 •. 00066 
0 .00063 
0 . 00059 
0 . 00057 
0 . 00054 
0 . 00052 
0 . -00052 
0 .0004:8 
0 . 00046 
0 . 00041 
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Tables. (eontiuued) 
(57 cm east of centerline; 65 cm f -rom window) 
Gamm~ 
Ener gy 
(Mev) 
Reactor power; 
o.oso 
o. 1so 
0 . 250 
0 • .350 
o .,450 
o.sso 
o • .650 
Q. 750 
0,850 
o . 950 
1. 050 
1. 150 
1! 250 
1~350 
1~450 
1. sso 
1~650 
1. 750 
1.sso 
1. 950 
2. 050 
Normalized 
count rate 
10 watts; normalizing count rate: 
1. 00000 
o. s 1111 
0. 18906 
0. 08187 
0. 04878 
0 . 03350 
0.02325 
o. 01a39 
0 "014,75 
0 . 01268 
0 . 01192 
0. 01003 
0 . 00956 
0 .,00795 
0,.00758 
0 . 00670 
o.oo6lt-2 
o.eosss 
0. 00529 
o.oos10 
O. OOli42 
Standard 
deviation 
2301 063 cpm. 
0. 00295 
0.,00185 
0 . 0009'9 
0 . 00062 
0 900046 
0 . 06040 
0. 00032 
0 . 00025 
0. 00025 
0 . 00024 
0 . 00024 
0. 00023 
0. 00022 
0 . 00020 
0 . 00018 
0. 00017 
0 ,.00015 
0 .00015 
0 . 00015 
0 .,00014 
0. 00014 
Fit ttre a. G~ spectrum variation with r~cto1; powet' and tank pQsition 
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REACTOR POWER ANO 
DETECTOR POSITION 
o 0.1 WATTS l 65 cm 
• 0.1 WATTS f 5 cm 
l.l 1.0 WATTS ~ 65 cm 
V 10 WATTS £ 65 cm 
T 10 WATTS 57cm E 65cm 
1.0 1.5 2.0 
GAMMA ENERGY (Mev) 
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cu1-ve remai ned near ly the same. It was noted that a lthough t he counting 
r ate of the 10 watt run had been dimini shed by a factor of 2 by di splaci ng 
the counter 57 cm f rom the cent erline, the normalized data poi nts were 
near ly id~ntice.l . It wou ld appea r that the change i n the 5 crn-o .• J. watt 
spectrum was due t o the effect of 60 cm l ess water thickness . The di spl ace-
ment f rom the centerli ne did ~ot appreciabl y effect the thickness of the 
water seen by the gammas in the 10 watt run . 
FrOfll Fi gure 8 i t appear s that the gamma spectrum in the t ank i s near-
l y i ndependent: of the power l evel of the reactor. Thi s spectrum will vary 
sli ght l y, depending on the di stance f rom the window, due to the water 
thi ckness seen by the gammas. 
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VI . CONCLUSIONS 
As a result of this investigation, the :following bas been concluded: 
l . The centerline gamma intensity is approximately a linear function 
of reactor powe~. 
2. The gamma intensity varies laterally across the thermal duct win• 
dow as a cosine function. Intensities are slight ly reduced to the east of 
the centerline due to the presence of the shim rod. 
3. The gamma intensity varies vertically across the themal duct win• 
dow as a cosine function only above the centerline. The intensities ar~ 
reduced markedly near the bottom of the tank. 
4. The gamma spectrum in the tank is nearly independent of the power 
level~ but does vary somewhat with the thickness of the water seen by the 
radiation. 
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